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PREFACE

This Memorandum surveys analysis as applied to
national security problems. It was prepared as a lecture
and delivered, in slightly abbreviated form, to the Air
Command and Staff College on September 28, 1965.




SUMMARY

This Memorandum points out the need for the appli-
cation of analytic techniques to military problems and
for an understanding of these techniques by military
officers. It defines systems analysis, describes its
essential features, illustrates the process of analysis
with examples, points out its virtues and limitations,
and concludes with some remarks about its future.




MILITARY ANALYSIS

INTRODUCTION

Analytic techniques can be applied to military
problems that range from routine day—by—day operations tco
critical decisions of national policy. It is essential
for the military officer to know soimething about the
capabilities and limitations of such techniques, as he
may be assigned to sponsor, evaluate, implement, or even
take part in studies where they are applied.

Military analysis takes its most mathematical-—and,
in a certain senée, its most fruitful—role when applied
to the peacetime housckceping operations of the armed
forces. In this context, the analysis differs little from
that concerned with decisionmaking and resource allocaticn
in commerce and industry: stock control, pe: -onnel assign—
ment, reliability checkout, transportation routing, and so
forth. It is management science—or operations research
in the strict sense—an attempt to increase the efficiency
of a man—machine system in a situation where it is clear ..
what "more efficient" means. Characteristically, problems
of this type are so well—structured that contributions to
management decisions can be reduced to the application of
systematic computational routines to a generic "model"
which, by a specification of its parameters, can be made
relevant to a‘wide'Variety of operations. The queuing
model, for example, is relevant to many aspects of the
cperations of communication syétqms, airfields, service
facilities, maintenance shops, and so on.

The true military analysis, however, involves somc
clement of conflict. This implies more than competition
in the business sense. Thus, communication by transoceanic
cable may compete withh communication by satellite, but
there is no need to worry about the supplier of one service
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attemptimg to jam the service of the other. Problems such
as whether to employ aircraft or artillery to knock out a
defended point or how to allocate a missile payload between
warhead, decoys, and protection belong in this conflict
category. The major impetus to the development of techniques
to handle problems of this type was provided early in World
War II by the introduction of new weapors and weapon systems
(radar is the outstanding example) so novel in concept and
design that their exploitation could not be planned purely
on the basis of traditional military experience. The
questions addressed were largely tactical: how to introduce
"window'" or "chaff'' as a radar countermeasure; how to deter—
mine more effective bombing patterns; how to determine better
~ aniisubmarine search procedures; or how to deploy dest:oyers
to best protect a ‘convoy. New methods of analysis had to
be developed. These formed the beginnings of a body of
knowledge called at that time 'operations analysis" and
later, in various extensions, "operations research,"
"systems engineering,' "management science," "cost—effec—
tiveness analysis," or "systems analysis." Depending on
the context, and, to different people, they might imply
some gsubtle distinction. The term ''systems analysis,"
for example, came into use because the first postwar efforts ... . .
dealt with the selection and optimization of weapon systems.
The new name was needed to suggest that we were no longer
necessarily dealing with current operations for which the
inputs were largely known, the objectives clear, and the
uncertainties limjted.

But all these terms convey the same general meaning.
Moreover, there exist between them no distinctions in
principle. Whatever differences may be found are simply
matters of degree, emphasis, and context. However, the
characteristics they have in common are important: an
ceffort to make comparisons systematically and in quanti-
tative terms, the use of a logical sequence of steps that
can be retraced and verified or modified by others.
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Some fifteen years ago weapons systems analysts
(particularly at The RAND Corporation) began an attempt
to include the formulation of national security policy
and strategy as part of their field of interest. The
initial veactions of experienced "military amalysts,' In
the Pentagon and elsewhere were (1) that the nature of
military policy and of national security problems was
quite different from operations analysis or the weapons
systems coptimization and selection in which RAND and these
analysts had been reasonably successful and (2) that the
tools, techniques, and concepts would not carry over.
Strategy and policy planning were arts, and would remain
so. ‘

Fortunately, these skeptics were only partially right.
It is true that additional concepts and methodologie :
significantly different from those of earlier amalysis h:d
to be developed. But there has been large transfer and
substantial progress. In fact, the years since 1961 have e
seen a marked increase in the extent to which analyses of
strategic policy have influenced decisionmakers on the
broadest issues of naticnal security.

In its research for the United States Air Force, The
RAND Corporation has pldyedwa leadiiig role in developing
an approach to the full range of defense problems, an
approach that RAND calls "systems analysis.” 1In the
following discussion, we hope to make clear the nature and
scope of this analysis, to give some idea of its methods
and procedures, to discuss its problems and limitations,
and to indicate why it is useful.

DEFINITIONS

What is syscems analysis? Speaking loosely, any
analytic study designed to help a decisionmaker identify
a preferred choice from among possible dlternatives might
be termed a systems analysis. In a military context,
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typical analyses might tackle such problems as (1) the
extent to which aircraft should be repaired at a depot
rather than on the base, (2) the possible characteristics
of a new strategic bomber and whether one should b
developed, (3) whether tactical air wings, carrier task
forces, or neither should oe substituted for U.S. ground
divisions in Europe, or (4) whether we should modify the
test ban treaty now that the Chicoms have nuclear weapons
—and, if so, how.

Every such analysis involves, as one stage, a compar—
ison of alternative courses of action in terms of their
costs and their effectiveness in attaining a specified
objective. Usually this comparison takes the form of an
attewpt to mirimize the cost implications of choosing each
alternative subject to some mission requirement (which in .. .
national security problems is unlikely to be measurable
in dollar terms) or, conversely, to maximize some physical
measure of performance subject to a budget constraint.
Since such comparisons often receive the lion's share of
attention by the_participdnés, studies of this type are
frequently called cost—effectiveness analyses. But this
name puts too much emphasis on costs. In an analysis
designed to furnish advice on military policy, other facets
of the problem may be of greater significance: the spec—
ification of sensible objectives, the determination of a
satisfactory way to measure performance, the influence of
consideratons that cannot be quantified, uovr the discovery
nf adequate alternatives.

This last point can best be illustrated »y a simple
example. ‘

suppnse a famjly has decided to buy a televisicn set.
Net only is their objective falily clear, but, if they hiive
paid due attention to the advertisements, their alternatives
are well defined. The situation is then onc for cost-
cffectiveness analysis. The only significant questious

e Y
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concern the differences in performance and vost among

the available sets. With a little care, making proper
allowance iror financing, depreciatinn, and meintenance,

che family can estimate, say, the five-year »rocurement

and operating cost of any particular set. They wiil
discover, of course, that finding a standard for measuring
the performance of the various sets is somewhat more
difficult. For one thing, it may have many aspects—they
must cont¢ider color quality, the option feor remotc control,
"portability, screen size, and so forth. But, ordinmarily,
one consideration~—perhaps color—determine; a price class.
On this basis, they can look at some color sets, compare
costs against color quality, and finally determine a best

I

buy.

Now, suppose the family finds they have more mCney
to spend and thus decide they can increase their standard
of living—a decision similar to one to strengthen the
U.S. defense posture by raising the military budget. ' This
is a situation for systems analysis. They first need to
investigate their goals or objectives and look into the
full range of alternatives—-a third car, a piano, a
country club membership. They then need to fird ways toc
measure how well these alternatives accomplish their goals
and establish criteria for choice among them. Here,
because the alternatlives are so dissimilar, determining
what they want to do Is the major problem; how to do it
and how to determine /hat it costs may become a compar—
atively winor one. .

In brief, to qualify as a completec systems analysis
a study must look at the entire problem and look at it in
its proper context. Characteristically, such an analysis
will involve a systematic investigation of the decision—
maker 's objectives and of the relevant criteria; a
comparison~—quantitative where possible—-of the cost,
ef fectiveness, risk, and timing associated with each
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aiternative policy or strategy tor achkicving the objectives;
and an attempt to formilate better alternatives *f those
cxamined are found wanting. Iv fact, in the light of tl-se
costs and alternatives, objectives more realizable than

the original ones mapwhave to be formulated.

THE ESSENCE OF THE METHOD

What is there about an anaiytic approach <nat makes  ecmemecm .
1t better or more useful than other ways tc {uc¢nish advice
—than, say, an expert or a committee? In area. such as
defense planning, where there is no accepted theoreticail
foundation, advice obtained from experts workiug individ—
ually or as a committee dependc largely on juogment and
intuition. So does the advice from systems analysis.

But the virtue of such analysis is that it ne2rmits the
judgment and intuition of experts in many fields to be
combined to yleld results transcending those of any ordinary
individual or committee. The essence of the method is to
construct and operate within a "model" —a simplified ab—
straction of the real situation appropriate to the question.
Such & model-—which: may take such varied forms as a computer
simulation, a war game, or ‘even a purely verbal ''scenario"
—introduces a precise structure and terminology that

serve primarily as a means of communication, enabling the
participants in the study to cxercise their judgment and
intuition in a conrrete context and in proper relation to
that of others. Moreover, through feedback (the results

of computation, the countermoves in the war game, or thc
critique of the scenario) the model helps the experts to
revise their earlier judgments and thus to arrive at a
clearer understanding of the problem and its context.

The central importance of the model can be seen moust
readily, perhaps, by looking at its relation to the other
elements of analysis. There are five altogether, and
coch i: present in every amalysis of choice, although not
slways explicitly identified.

e N
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1. The objective (or objectives). Systems analysis
is undertaken primarily to help chocse a policy or course
of action. The first and most important task of the
analyst is to discover what the decisionmaker's objectives
are (or should be) and how to tell the extent to which
they are, in fact, attained by various actions. This
done, strategies, forces, or equipment ave ~xamined,
compared, and recommended on the basis of how well and
how cheaply they can accomplish these oubject: ves.

2. The alternacives. Tihe alternatives are the means
by which it is hoped the objectives can be attained. They
need not be obvious substitutes for one another or perform
the same specific function. Thus, shelters, "shooting"
defenses, a counterforce capability. and retaliatory
striking power are all alternatives in protecting civilians
against air attack. . ~

3. The costs. The choice of a particular alternative
for accomplishing the bbjectiyes impliés that certain

specific resources can no longer be used for other purposes.

These are the costs. Iﬂ”éﬁ;l&ses‘for a future time period,
most costs can be mégsuf&a infm6ney, but their true measure
i1s in terms of the Gibéfpﬁﬁltiéﬁ that they preclude. Thus,
if we are comparing ways to suppress guerrillas, the damage
t¢ nonparticipants caused by the various alternatives must
bt considered a cost, for such damage may recruit more
guerrillas.

4. A mndel (or models). A model is a simplified,
stylized representation of the real world which abstracts

the cause—and-effect relationships essential to the question

studied. Th2 means of representation may range from a
sct of mathematical ecnations or a computer program t: a
purely verbal description of the situation, in which
tntuition alone is used to predict the consequences of
various choices. 1In systems analysis (or any analysis of
choice), the role of the model (or models, for it may be

L pp————
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inappropriate or absurd to attempt to inco:porate all the

aspects of a problem in a single formulation) is to P

estimate for each altr native the costs that would be
incurred and the extent to which the objectives would he
attained. This reguires a megsure of effectiveness or
means for indicating the degree of achievement for each

goal.
5. A criterion. A criterion is a ru.e or standard

by which to rank the alternatives in order of desirability
and to choose the most promising. It provides a means for
weighing cost against effectiveness.

As illustrations of how these elements of analysis
cnter into decision problems, let us consider two examples.

A NARROW EXAMPLE: SELECTION OF A NEW AIRCRAFT ENGINE

As an example* of how the elements of analysis figure
in a reletively narrow decision problem, consider the
selection of a new alrcraft ernrine. The objective may be
simply to optain increesed eng'ne performance. Then the
alternatives are the various pcssible engine types that
offer a chance of schieving this objective by such means
as exutic fuels or novel design. The costs would be of
two general kinds: <(he total capital resources (such as
manpower and facilities) that must be allocated to the
research and development and the time required to obtain
a =uccessful prototyre. In this case, the measure of
ctfectiveness mighy ve taken as the difference between Lhe
specific fuel consumption typical today and that achieved
by further research, for fixed engine weight. In general,
the amount of improvement will depend on the amount of
cttore ¢ ipended for research and preliminary development
o that the costs and effectiveness, estimated by means
ot various models, might be related as in Fig. 1. These

e e e+

This approach was suggestcd by Lee Attaway of RAND.
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models might consist of such devices as standard engineering
formulas, extrapolations from curves fitted to empirical
data, or even guess—éstimates from propulsion engineers.
Such different levels of performance might result
from a situation in which alternative I corresponds tc a
very conservative impruvement over operational engines,
and alternative II, to a larger state—of—the—art advance.
Note, however, that even if we assume that both these
alternative research programs can be completed on time
and are subject to essentially the same amount of uncer-—
tainty, we still could not’decide between them. We have
not as yet specified the criterion or rule for choice.
What is missing is some knowledge of why the improved
performance is needed-. Thus, although alternative 1
achieves only a modest level of effectiveness (E,), it
does so at one—third the cost of alternative 1I. If the
level El is adequate, why not select alternative 1 and
thereby minimize cost? Indeed, quite often cost will be
limited by decree to some Tevel such as C,, in which case
alternative 1 is the obvious choice. On the other hand,
the goal of the research may be tc achieve some minimal
new level of effgctiﬁéness, such as Eq, no matter what the
cost. Then alternative II is obviously the ~hoice.
Generally it is impossible to select belween two
alternatives just on the basis of the cost and effectiveness;
data shown in the figure. Usually, either a required
effectiveness must be specified and then the cost minimized
for that effectiveness, or a required cost must be specificd
and the effectiveness maximized. Clearly, the results of
the analysis of effectiveness should influence the selection
of the final criterion. For example, if C3 is truly a
reasonable cost to pay, then the case for C, is much
stronger, in veiw of the great gains to be made for a
relatively small additional investment. As a matter of
fact, this approach of setting maximum cost so that it
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corresponds to the knee of the cost—effectiveness curve

is a very useful and prevalent one, since very little

additional effectiveness is gained by further investment.
Not let us look at an example which involves the

treatment of conflict.

A_BROADER EXAMPLE: DEFENSE OF A MISSILE FORCE

Consider the question of whether or not to buy active
defense for a land-based ICBM force. It is obvious without
analysis that if ICBM's are expensive and it is possible
to defend them cheaply and efficiently, then, if there is
an appreciable danger of attack, we should buy a defense
system. But just how expensive? How efficient? Let us
attempt to indicate the points to consider in this problem.

Let us take deterrence as the objective in considering
the addition of a defeiise system. As the measure of effec—
tiveness for attainment of this objective the number of
operationally ready missiles surviving an enemy first strike
seems a reasonable choice. The relevant alternatives ure
the various means of providing active defense. Of course,
providing no defense at all and using the budget for it to
buy additional missiles is one alternative.

As a first approximation, the costs ~an be the dollar
costs tu maintain the force we have plus the costs of
augmenting it either with additional missiles or with a

P e

defense.

Since we have no idea how many surviving missiles are
nceded to attain the objective but may have a faiv idea of
how much money Congress is likely'to make available for chis
purpose, let us take the approach of .ixing the budget level
and cceking to maximize effectivenzss.

To carry on from here, a series of models are neecded to
work out what the various costs and strike outcomes mipht be.
Then, finally, a criterion is needed to weigh the war out-
comes and determine a preference ordering of the alteruatives.
For this, the rule might be to select the alternative which
for the fixed budget gives the maximum vumber of surviviug

missiles.
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First, to begin the analysis the forces obtainable
with the budget must be wcrked out. This is not neces—
sarily a simple task. A budget bears a specific date and
time facturs are important. The cost model must not only
meas.ure the purchase : rice of the various weapons, vehicles,
buildings and materiel and maupower structure, but also
take into account the entire system of utilization, extended
over a period of time prolonged sufficiently to reflect the
important factors of peacetime operations and maintenance.
To do this properly the resource impact on the full force
structure must be estimated.

Second, for some representative range of contingencies

the environment and mode of warx_ initiation must be specified.

Here a set of scenarios that show how, starting with the
present state of the world, future situations might evolve
and how in these situations war might begin 15 almost
essential. ’

Third, usually through a step—by-step procedure which
simulates the course of an enemy}strike, a campaign model
which woiks out the various strike outcomes must be con—
structed. This model should eb:imate for us, under various
assumptions about what action the enemy may take, i:he statc
of the world, the capabilities of our defense weapons, and

so forth, the number of missiles to survive the enemy attack.

The model should take into account such considerations as
strength of the attack, probability that an undefended
missile survives an enemy shot, probability that a defending
missile destroys an attacking missile, effect of saturation,
and electronic countermeasures. It must reflect the various
tradeoffs between such items as the accuracy and yield of
the attacking missiles, the hardness of sites, and the ranye
and state of readiness of the defending missiles. To do
this it»may have to be a hierarchy of many models.

For instance, a submodel will be required to study
how the preobability of one of our missiles being destroyced
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depends on such factors as the attacker's accuracy, the
size of his warheads, and the hardness of our sites.

Finally, we may arrive at scme results and we may
still have a problem. For example, we may have something
like the following:

Contingency Number of Surviving Missiles
T
Alt. A Alt. B Alt. C
1 70 110 130
2 75 120 80
3 120 100 50
4 130 120 90

Choice among the alternatives thus depends on the
likelihood of the various contingencies.

Actually, however, choice among them is not the full
story. We set out to recommend the alternative that would
lead to the largest number of surviving missiles. This,
by itself, is not adequate. Suppose, for example, costs,
scale of attack, and kill probabilities lead to the con-—
clusion that a small defended missile force is preferable
to a larger undéfehdedifbfce because it has more surviving
missiles. But further suppose that in neither case the
force survives in sufficient strength to be useful. Then
we must lock for other and more satisfactory alte:ruatives
—~possibly sea-based or mobile missiles.

A process such as this is necessarily incomplete.
Many considerations have not been mentioned, among them
the possibility of grouping the ICBM's to sharc defensc;

2 policy for the attacker that involves some form of
recomaissance during the attack; the possibility tha. the
detonse may protect other targets. To take enemy actions

G
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into account properly we may need to bring game theory
considerations into the model. Chance effects and fluc—
tuation may be important also; a single number (say, the
expected number) may not provide an adequate comparison.
The range of possibilities may be importanc; to take that
into account the model may have to be a Monte Carlc one
in which fluctuation is treated by drawing random samples
from carefully determined distributions.

Finally, rhere are the intangibles; for example, the
values, military ead political, that may come just from
owning a larger missile force, apart from survivial in
the attacks considered, or the value of having a defense,
aven though inefficient, that may boost civilian morale.

THE PROCESS OF ANALYSIS

Having formulated and researched the problem—that
is, clarified the issues, limited the extent of the inquir,,
searched out the necessary data and relationships, identi--
fied the various elements and built the models—the process
(See Fig. 2.) To
begin, the various alter 'tives (which may have to be
discovered or invented as part of the analysis) are
cxamined by means of the models. These models tell us
what w2 can expect from each particular alternative with
respect to such‘things as attrition, targets destroyed,
and so forth, and what the costs are. The measures of
effectiveness tell us the extent to which each objective
is attained. A criterion can then be used to weigh thc
costs agiinst performance and thus arrange the alteinatives
in order of preference.

This process may break down at almost any stage.
Some problems are so 111 structured and the cause-and-
vffect reiationships so poorly understood that we cannot
vith any feeling of confidence set up a model that will
predict the consequences of choosing an alternative.
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If we cannot work out the consequences of adopting the
various strategies, we cannot compare outcomes. The
alternstive is then the far less satisfactory one of using
a model that compares the salient characteristics of the
possible strategies. This is the '"consumers' research"
approach, in which experts or 'potential users' rate the
alternatives. Again, of course, some way is needed to
bring the various ratings together—a problem that has
already come up in comparing alternatives for different
contingencies.

In these situations, judgment must be employed to
reach a decision. Expert opinion can be called on when
it is necessary to use numerical data or assumptions that
cannot be based on theory cr experience—when, say, we
want to obtain scmething like an estimate of the guidance
accuracy of our new missile in the presence of counter—
measures that have been conceived in theory but have not
yet been developed. When values are involved, we may
follow the same procedure.

Ordinarily, we would like to employ the judgment of
more than one expert. Even though their advice usually
differs, there are several ways to try for a consensus
from several experts. The traditional way has been to
assemble them in one place, to let them discuss the
problem freely, and to require that they arrive at a
joint answer. They could also be put to work individually.
letting others seek methods for the best combined use of
their findings. Or they could be asked to work jointly
in a group exercise—ranging from a simple structurcd
discussion to a sophisticated simulation—to obtain
judgmants from the group as a whole.

Another method, failing somewhere between individual
and gro'» action, attempts to improve the panel or cowm-
mitt« approach by subjecting the views of the individual
experts to each other's criticism without actual

e
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confrontation and all its psychological shortcomings.
Direct debate is replaced by a carefully designed sequence
of individual interrogations (possibly condvcted by
questionnaires). At each step, the participants are given
new or refined information and opinion feedback is derived
by computed consensus from the earlier part of the program.
The process continues until either a consensus is ireached
or the conflicting views are documented fully.

Iv should be emphasized that in many important
problems it is not pos.ible to build really quantitative
models. The primary function of a model is "explanatory,'
to organize our thinking. The essence of systems analysis
is not mathematical techniques or procedures, and its
recommendations rneed not follow from computation. Thus,

2 computing machine or a technique such as dynamic program—
ing may or may not be useful, depending on the problem and
the extent to which quantification is possible. What counts
is the effort to compare alternatives systematically, in
quantitative terms when possible, using a logical sequence
of steps that car, be retraced and verified by others.

Usually, we can go beyond the bare minimum, and
although we mey not be able, initially, to abstract the
situation to a mathematical model or series of equations,
some way c&n generally be found to represent the conse-
quences that follow from particular choices. Simulation
can often be used to tackle seemingly unmanageable or
previously untouched problems where o traditional analytic
formulation first appears infeasible. For example, a
computer routine may be used to represent the essential
fcatures of a system by means of random numbers and its
behavier analyzed by operating with the representation
case-~by—case. Operational gaming—that is to say, simu-
lation involving role—playing by the participants—is
arother particularly promising technique, especiaily when
it is desirable to employ several experts with varving

L ——C
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specialties for different aspects of the problem. Here
the game structure—again a model—furnishes the partic—
ipants with an artificial, simulated environment within
which they can jointly and simultaneously experiment,
acquiring through feedback the insights necessary to make
successful predictions within the gaming context and thus
indirectly about the real world.

Unfortunately, things are seldom tidy: Too often
alternatives are not adequate to attain the objectives;
the measures of effectiveness do not really measure the
extent to which the objectives are attained; the predictions
from the model are full of uncertainties; and other criceria
which look almost as attractive as the one chosen may lead
to a different order of pref~rence. When this happens, no
one is satisfied with the results and we must take another
approach. A single attempt or pas3 at a problem is seldom
enough. (See Fig. 3.) The key to successful analysis is
a continuous cycle of formulating the problem, selecting
the objectives, designing better alternativés, collecting
data, building new models, weighing cost against perform-
ance, testing for sensitivity, questioning assumptions

and data, reexamining the objectives, vpening new alternatives,

and so on until satisfaction is obtained or time or money
forces a cutoff.

THE_VLRTUES

In stating the purpose of systems anmalysis, we have,
in a sense, said what it can do. It can be applied to a
range of problems extending from the very narrow to the
very broad. At one end of the range, it may help to
determine how much of the Air Force construction budget
shouid be allocated to hangars, or whether the electricai
maintenance shop should be amalgamated with some other
=hop, or what type of all-weather landing system should
se installed in s new transport alrcraft. At the other
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end, it can help to decide how much should be spent on
national defense, or how the defense budget should be
allocated between strategic and general-purpose forces,

or whether the additional capability provided by a tactical
air wing would be worth its cost.

Analysis is essential. Without calculation there is
no way tc discover how many missiles may be needed to
destroy a target system, or how arms coatrol may affect
security. Analysis offers an alternative to 'muddling
through"; to waiting until one can see the problem clearly
and then attempting to meet the situation. Delay can be
hazardous; in the world today, there could be a crisis or
a weapon that could not be handled in this way. This is
not to say that every aspect of military problems can be
quantified or that analysis is without limitations, but
only that it is not sensible to formulate national defense
policy without careful consideration of whatcver relevant
numbers can be discovered.

It is easy, unfortunately, to exaggerate the degree
of assistance that systems analysis can offer the policy-
maker. In almost every case, it can help him understand
the relevant alternatives and the key interactions by
providing an estimate of the costs, risks, and possible
payoffs associated with each course of action. It may
sharpan his intuition and will certainly broaden his basis
for judgment, thus helping him make & better decision.

But value judgments, imprecise knowledge, intuitive
estimates ~f enemy intent, and other difficulties mean
that a study can do little more than assess some of the
implications of choosing one alternative over another.

‘'n practically no case, therefore, should the decision—
mnaker expect the analysis to demonstrate that, beyond all
reasonable doubt, a particular course of action is best.
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THE LIMITATIONS

Every systems analysis has defects. Some of these
are limitations inherent in all analysis of chcice. Others
are a consequence of the difficulties encountered in coping
with such factors as uncertainty about the enemy or the
varying times at which alternatives become available. Still
others are blunders or errors in thinking which, hopefully,
will disappear as we learn to do better and more complete
analyses.

The alternatives to analysis also have their defects.
One alternative is pure intuition. It is in no sense
analytic, since no effort is made to structure the problem
or to establish cause—and—effect relationships and operate
on them to arrive at a solution. The process is to learn
everything possible about the problem, to 'live with it,"
and to let the subconscious provide the solution.

Between pure intuition, on the one hand, and systems
analysis, on the other, other sources of advice can, in a
sense, be considered to employ analysis, although ordinarily
a less systematic, explicit, and quantitative kind. One
alternative is to turn to an expert. HRis opinion ~an, in
fact, be very helpful it if results from a reasonable and
impartial examination of the facts, with due allowance for
uncertainty, and if his assumptions and chain of logic are
made explicit. Only then can others use his information to
form their own considered opinion. But an expert, partic-
ularly an unbiased expert, may be hard to find.

Another way to handle a problem is to turn it over
to a committee. Committees, however, are much less likely
than experts to make their reasoning explicit, since their
findings are usually obtained by bargaining. This is not
to imply that a look by a "blue ribbon' committee into
our missile defense prolilem might not be useful, but its
greatest utility is likely to be in the critique of work
done by others.
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However, no matter whether the advice is supolied by
an expert, a committee, or a formal study group, the
analysis of a problem of choice involves the same five
elements and basic structure we mentioned earlier.

It is important to remember that all analysis of
choice falls short of scientific research. No matter
how we strive to maintain standards of scientific inquiry
or how closely we attempt to follow scientific methods,
we cannot turn military analysis into science. Its
objective, in contrast to that of science, is primarily
to recommend—or at least to suggest—policy, rather than
merely to understand and predict. Like engineering, it
seeks to use the results of science to do things well
and cheaply. Yet, when applied to national security
problems, it differs from ordinary engineering in its
enormous responsibility, ir the unusual difficulty of
appraising—or even discovering—a value system applicable
to its problems, and in the absence of ways to test its
validitcy.

Except for this inability to verify, systems analysis
may still look like a purely rational approach to decision—-
making, a coldly objective, scientific method free of
preconceived ideas and partisan bias and judgment and
intuition.

It isn't, really. Judgment and intuition are used
in designing the models; in deciding what alternatives
to consider, what factors are relevant, what the inter-
relations between these factors are, and what criteria
to choose; and in analyzing and interpreting the results
of the analysis. This fact—that judgment and intuition
permeate all analysis—should be remembered when we
examine the apparently precise results that come from
analysis.

Many flaws are the results of pitfalls faced by the
analyst. He may emphasize the model instead of the
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question, or concentrate on the type of uncertainty that
can be treated aralytically by Monte Carlo or other
statistical techniques rather than on the real uncertain—-
ties, or neglect elements that cannot be handled quanti-
tatively.

There are also pitfalls for the officer who commissions
or acts on a study. For instance, he must not specify
assumptions and limit the problem arbitrarily. When a
problem is first observed in one part of a military
organization, there is a tendency to seek a solution
completely contained in that part. An administrator is
thus likely to pose his problems in such a way as to bar
from consideration alternatives or :-iteria that do not
fit into the chain of steps by which policy has been made
in past years in the field in question. Also, to act
wisely un the basis of someone else's analysis one should,
at the very least, understand the important and fundamental
principles involved. One danger associated with analysis
is that it may be employed by an administrator who is
unaware of or unwilling to accept its limitations.

The most dangerous pitfall or source of defects is
the attention bias. It is frequently caused by a cherished
belief or an unconscious adherence to a 'party line." All
organizations foster one to some extent; RAND, the military
services, and the DOD are no exception. My feeling is that
Herman Kahn was right when he called the party line "the
most important single reason for the tremendous miscalcu—
lations that are made in foreseeing and preparing for
technical advances or changes in the strategic situation."
Examples of an attention bias are plentiful: the military
planner whose aim is so fixed on '"winning" local wars that
he excludes other considerations, or so fixed on maximizing

A¥H. Kahn and 1. Mann, Ten Common Pitfalls, The RAND
Corporation, RM-1937, July 17/, s P .
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deterrence that he completely disregards what might happen
should deterrence fail; the weaponeer who is so fascinated
by startling new weapons that hc assumes they will, of
course, be used; the State Department negotiator who seeks
to conciliate the potential enemey at a military cost that
is far too great, because he is unaware of it. 1In fact,
this failure to realize the vital interdependence among
political purpose, diplomacy, military posture, economics,
and technical feasibility is the typical flaw in most
practitioners' apprcach to national security analysis.

Pitfalls are one thing, and the inherent limitations
of analysis itself another. These limitations confine
analysis to an advisory role. Three are commented on here:
analysis is necessarily incomplete; measures of effective—
nesc are inevitably approximate; and ways to predict the
future are lacking.

Aualysis 1s Necessarily Incomplete

Time and money costs obviously place sharp limits
on how fa. any inquiry can be carried. The very fact
that time moves on means that a corirect choice at a
given time may soon be outdated by events and that goals
set down at the start may not be final. The need for
reporting almost always forces a cutoff. This is partic-
ularly important in wmilitary analysis, for the decision—
maker can wait only so long for an answer. Other costs
of inquiry are important here, too. For instance, we
would like to find out what the Chicoms would do if we
put an end to all military aid to Southeast Asis. One
way to get this information would be to stop such aid.
But while this would clearly be cheap in immediate dollars,
the likelihood of other costs later precludes this type
of investigatioun.

Still more important, however, it the general fact
that, even with no limitations of time and money, analysis
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can never treat all the considerations that may be relevant.
Some are too intangible—for example, how some urilateral
U.S. action will affect NATO solidarity or whether Congress
will accept military econumies that disrupt cherished
institutions such as the National Guard or radically change
the pattern of domestic military spending. Considerations
of this type can, and possibly should, play as important

a role in the choice of alternative force postures as any
idealized war outcome calculations. But ways to measure
them, even approximately, don't exist today, and they must
be handled intuitively. Others involve moral judgments—
for example, whether national security is better served by
an increase in the budget for defense or for welfare, or
under what circumstances is the preservation of an ally
worth the risk of general war. The analyst can apply his
a. ' others judgment and intuition to these considerations,
thus making them part of the study and bringing them to

the attention of the decisionmaker, but the man with the
responsibility will rightly insist on applying his owm.

Measures of Effectiv 8 Axe oximate

In military comparisons measures of effectiveness are
at best reasonably satisfactory approximations for indicating
the attainment of such vaguely defined objectives as
deterrence or victory. Sometimes the best that can be
done is to find measures that point in the right direction.
Consider deterrence, for instance. It exists only in the
mind—and in the enemy's mind at that. We cannot, therefore,
measure the effectiveness of alternatives we hope will lead
to deterrence by some scale of deterrence, but must use
instead such approximations as the potential mortalities
that we might inflict or the roof cover we might destroy.
Consequently, even if a comparison of two systems indicated
that one could inflict 50 percent more casualties on the
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enemy than the other, we could not conclude that this
means the system supplies 50 percent more deterrence.

In fact, since in some circumstances it may be important
not to look too dangerous, we find arguments that the
system threatening the greatest number of casualties may
provide the least deterrence!

Moreover, we can't be as confident about the accuracy
of our estinates of effectiveness as we are about our cost
estimates. For example, one analyst who is studying the
problem of estimating casualties with current weapons
believes that a pre—~World War Il estimator even if he had
worked with the same sop.istication as his brother of
today, had known his trade exceptionally well, had been
knowledgeable about the means by which World War Il
military actions produced casualties, had known the
probabilities associated with each weapon, and could have
estimated the number of people at risk—then such an
estimator would stil. have underestimated the total cost
in human lives of the war to the Soviets by a factor of
between three and four!

Such an error in the measurement of effectiveness
may not be too important if we are comparing two not
radically unlike systems—two ground attack aircraft, say.
But at higher levels of optimization—tanks versus aircraft
or missiles—gross differences in system effectiveness may
be obscured by gross differences in the quality of damage
assessment.

In brief, we don't know how to translate a capability
to create casualties (as perceived by the enemy) into
deterrence, we don't know how they enemy will assess the
casualty—-producing potential of our forces, and we don't
even know how to compute it ourselves very accurately.

On the other hand, this does not mean that the
determination of the dollar costs of a military action is
simple. It takes know-how and research to estimate the



-2 7=

costs of weapons anc forces that are as yet only concepts.
But with care and experience, once we decide what we are
costing, we can do fairly well.

No Satisfactory Way to Predict the Future Exists

While it is possible to forecast events to come in
the sense of mapping out possible futures, there is no
satisfactory way to predict a single future in terms of
which we can work out the best system or determine an
optimum policy. Consequently, we must consider a range
of rossible futures or contingencies. In any one of these
we may be able to designate a preferred course of action,
but we have no way to determine one for the entire range
of possibilities. We can design a force structure for
a particular war in a particular place, but we have no
surefire way to work out a structure that is good for
the entire spectrum of ruture wurs in all the places they
may occur.

Consequently, defense planning is rich in the kind
of avalysis that tells what damage could be done to the
United States given a particular enemy force structure
(or, to put it another way, what the enemy requirements
would be to achieve a given destruction); but it is poor
in the kinds of analyses that evuluate how we will actually
stand in relation to the Soviets in years to come.

In spite of their limitations, quantitative estimates
of costs and effectiveness are clearly helpful to any
intelligent discussion of national security. In current
Department of Defense practice these quantitative estinates
are used extensively. Many people, however, are vaguely
uneasy about the particular way these estimates are made
and their increasingly important role in military planning.
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For example, an Air Force officer* writes that
computer-oriented planning techniques are dangerous; that
mathematical models of future wars are inadequate for
defense planning; and that scientific methods cannot
handle thos~ acts of will which determine the conduct of
war. A Senator**remarks, "Cur potential ercmies may not
use the same cost—effectiveness criteria and thus oppose
us with te best weapons their technology can provide.
This would create an intolerable peril to the national
security."

Some skepticism may be justified. for the wo.k may
not a'ways be competently done or used with its limitations
in mind. There may indeed be some dangers in relying on
systems analysis, or on any similar approach to broad
decisions. For one thing, since many factors fundamental
to problems of national security are not readily amenable
to quantitative treatment, they may possible be negiected,
or deliberately set aside for later consideratioi and then
forgotten, or improperly weighed in the analysis itself
or in the decision based on such analysis. For another,

a study may, on the surface, appear so scientific and
quantitetive that it may be assigned a validity not
justified by the many subjective judgments involved. 1In
other words, we may be so mesmerized by the beauty and
precision of the numbers that we overlook the simplifications
made to achieve this precision, neglect analysis of the
qualitative factors, and overemphasize the importance of
idealized calculations in the decision process. But with—
out analyeis we face even greater dangers in neglect of

*
Colonel Francis X. Kane, USAF, "Security Is Too
important o Be Left to Computers,' Fortune, Vol. 69, No. 4,
April 1964. .

'*Senator John O. Pastore of Rhode Island, quoted in
1J.S. News and World Report, January 6, 1964.
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considerations and in the assignment of improper weights'
And better analysis and careful attentiorn tc where analysis
ends and judgment begins should help reduce these dangers.

THE FUTURE

And finally, what of the future? Resistance by the
military to the use of systems anulysis in broad proublems
of strategy is gradually breakins down. Military planning
and strategy have always involved more art than science;
waat is happening is that the art form is changing from
an ad hoc, seat—of-the—pants approach basecd on intuition
tv one based on analysis supported by intuition and

experience. With this change the computer is becoming
increasingly significant—as an automaton, a process
controller, an informaticn prucessor, anc a decision aid.
Its usefulness in serving these ends can be expected to
grow. But at the same time, it is important to note that
even the best computer is no more than a tool to expedite
analysis. Those advocates who hold that national decfense
decisions can be made today solely hy consideration of
computer calculations are not only premature in their
belief (to zay the least), but have a basic misunderstanding
of how such calculations must, in fact, alwavs Le used.
Ever in the narrowest military decisions, considerations
not subject to any sort of quantitative analysis can
always be present. Big decisions, therefore, cannot be
the automatic consequence of a computer program or of any
application of mathemati{cal models.

For broad studies, invclving force posture and
composition or the sft.rategy to achieve foreign pclicy
objectives, intuitive, subjective, even ad hoc itudy
schemes must continue to be used—but supplementcd to an
increacing extent by systems snalysis. The ingredients
of analysi: rust include not only un increasing use of
computer—-based analysis for those problums where it is
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appropriate, but also for treatment of the nonquantifiable
aspects, a greater use of techniques for better employment
of judgment, intuition, and experience. These techniques
—war gaming, ''scenario' writing, and the systematic
interrogation of experts—are on the way to becoming an
integral part of military analysis.

Moreover, the scope will broadcn. Systems analysis
has barely entered the domain of the social sciences.
Her2, in urban planning, in education, in welfare, and
in other nonmilitary aspects of government we are faced
with an abundance >f challenges. Systems analysis can
help with the problems there,’ as well as with those of
industry and national defense.

CONCLUDING REMARKS

And now to review. A systems analysis is an analytic
study designed to help a decisiommaker identify a preferred
choice among possible alternatives. It is characterized
by a syscematic and rational approach, with assumptions
made explicit, objectives and criteria clearly defined,
and alternative courses of action compared in the light
of their possible consequences. An effort is made to use
quantitative methods, but computers are not essential.

What is cssential is a model that enables expert intuition
and judgment to be applied efficiently. The metnod provi-es
its answers by processes that are accessible to critical
examination, capable of duplication by others, and, mor-

or less, readily modified as new information becomes

< railable. And, in contrast to other aids to decision
making, which share the same limitations, it extracts

ever: thing possible from scientific methods, and its

-

¥§e~ for example, Olaf Helmer, Social Technolo§§
The RAND Parpotation, P-3063; presented at the Futur io‘
Confe.ence in Paris. April 1965
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virtues are the virtues of those methods. At its
narrowest, systems analysis offers a way to choose the
numerical quantities related to a weapon system so that
they ire logically consistent with each other, with an
assumed objective, and with the calculator's expectation
of the future. At its broadest, it can help guide
national policy. But, even within the Department of
Defense, its capabilities have yet to be fully exploited.
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